Urban spatial structure is a critical component of urban planning and development, and among the different urban spatial structure strategies, 'polycentric mega-city region (PMR)' has recently received great research and public policy interest in China. However, there is a lack of systematic understanding on the spatiality of PMR from a pluralistic perspective. This study aims to fill this gap by investigating the spatiality of PMR in the Yangtze River Delta Urban Agglomeration (YRDUA) using city-level data on gross domestic product (GDP), population share, and urban income growth for the period 2000-2013. The results reveal that economically, the YRDUA is experiencing greater polycentricity, but in terms of social welfare, the region manifests growing monocentricity. We further find that the triple transition framework (marketization, urbanization, and decentralization) can greatly explain the observed patterns. Although the economic goals are accomplished with better spatial linkages and early economic development policies, inequality in spatial distribution of public services and the continuing legacy of central planning remain barriers for the YRDUA to emerge as a successful PMR. The results of this research offer meaningful insights on the impact of polycentric policies in the YRDUA and support policymakers in the implementation of appropriate urban spatial development strategies.
Introduction
Over 50% of the global population now live in urban areas, and this is expected to become 70% by 2050 [1] . For a long period, urban planners and city managers have been implementing different urban spatial structure strategies to meet the needs of the growing urban population in a sustainable manner [2] . Urban spatial structure is a critical component of urban planning and development and is defined as the spatial distribution of various urban elements (e.g., land use and urban networks) [3] . Among the different urban spatial structure strategies, 'polycentric mega-city region (PMR)' has recently received great public policy interest as it is believed to facilitate economic integration, social welfare, and spatially balanced metropolitan regions, city clusters, and urban networks [4, 5] . Monocentricity on the other hand accompanies congestion, high land prices, social problems, and environmental pollution [6] . deals with the geographic distribution of cities and towns of different sizes [21] ; it focuses on population, employment, land use, and so on [22] . (ii) Functional polycentricity, which is related to functional relationships between cities and regions and how those relationships are linked to each other through networks (e.g., commuting flows and knowledge-based flow of people and information) [23, 24] .
It is also important to note that polycentricity is a multiscalar concept operating at local, regional and national levels [4] , and therefore is understood differently at different scales [25] . At the intraurban scale, it is the outward diffusion of agglomeration from centers of cities to their suburbs or subcenters [26] . At the interurban scale, it is related to flow of people and activity from big cities to smaller cities within their urban spheres of influence [6] . In the recent years, the concept of polycentricity has spread out from 'city' to cover a wider region, calling for PMRs [27, 28] .
PMRs are complex versions of urban forms denoted by a cluster of 10-50 separate, but morphologically and functionally networked, cities and may have one or more megacities [29] . They are not just isolated central agglomerations that grow towards empty spaces as in the cases of inter-and intra-urban scales [23] . They encompass central agglomerations and the small cities with frequent internal connection between the cities in the hinterland and external connection with the cities beyond the region [30] . A PMR is featured by transactional flows of goods, people, and services and is linked through economic, environmental, and infrastructure networks [29] . It is now a popular planning concept around the world (see examples outlined in Section 1), as it is believed to promote internationally accessible and internally linked synergy economies, spatially balanced development [26] , global competitiveness, economic integration, and social cohesion between cities, towns, and suburban areas [5] .
The maturity of polycentricity theory has greatly prompted empirical studies on tracking the performance of PMRs around the world [31, 32] . However, the different ways in which PMR is understood and the different concepts evolved over time (e.g., polycentric metacity, urban agglomerations, megalopolis, metropolitan area, regional, translational, and urban systems/networks regions) contributed to plurality of methods and indicators within different domains (e.g., economic development, social equity, and environmental protection) [29] . Indicators used for economic development are gross domestic product (GDP), GDP per capita, income, and industrial output [33, 34] . Indicators to measure social equity include employment, education, health care, and urban-rural income [14, 35] . Other indicators include population or employment density, land use or housing, transport and firm locations and knowledge spillovers [13, 36] .
The performance of polycentricity in city regions has been measured by different methods based on selected indicators. For example, rank/size distribution [33] ; social network analysis [37] ; sprawl index and the level of connectivity [38] ; level of centrality/polycentricity index using size, location, and connectivity [11] ; entropy index [39] ; and fragmentation metrics (path density, edge density, area-weighted shape index, and dispersion index) [29] are used for GDP per capita, urban-rural income gap, and urban fragmentation. Statistical analysis methods (Mann-Kendall test, seasonal decomposition, and Hurst exponent) [29] , Gini Coefficient [40] , coordinated coupling degree model, and one-way ANOVA are used to gauge the degree of cooperation among the cities in the mega-city region. Spatial integration and clustering models [27] , physical network analysis [41] , and social network analysis [24] are used to visualize characteristics of the networks. The employment of each of the methodologies however depends on theoretical assumptions and the data used.
The Triple Transitions as Determinants of Polycentricity
There are many potential determinants that can explain the degree of polycentricity in cities and urban regions: One leading candidate is spatial linkages. The significance of spatial linkages to polycentricity has been emphasized by studies on regional development, global cities, and production organization [24, 42] . For example, studies in regional development emphasize that cities close to major economic centers tend to benefit from the trickle-down effect of these centers [43] . The spatial concentration of financial and human capital network around hubs and peripheral cities creates inequality between cities [44] . Investment in localized infrastructure (e.g., roads and railways) can significantly improve spatial linkages and mobility of factors [45] , and thereby reduce distance and spatial barriers to polycentric development [46] .
Another popular factor is the role of institutions. A large body of literature analyze the role of states and regional policies [47, 48] , particularly policies promoting industrialization, foreign investment, and trade, and conclude that state intervention has much more influence on polycentricity [49, 50] , than even transport networks. Rodrik et al [51] makes an extreme assertion, arguing that institutions "trumps" everything else. However, others see state as simply an instrument of manipulating labor in the interest of industry and creating economic and social conditions favorable to capital accumulation; thus state actions tend to create, maintain, and intensify regional inequality [52] .
What is not clear from such arguments, however, is the role of a combination of factors in the success or failure of polycentric policies. Too often past studies build on a single factor, and hence found to be controversial, or at least incomplete. Geographers have demonstrated the limited power of a single determinant, and suggested that multi-perspective synthesis might be necessary for a better research [52] . Drawing on this literature, we argue that, both in theory and practice, polycentricity needs to be understood from multiple interconnected factors.
We attempt to build an integrated conceptual framework to draw insightful perspectives on polycentricity in China ( Figure 1 ). This framework is different from the polycentricity under the traditional system, in that emphasis on a single factor. It is based on an argument that in the context of marketization, decentralization, and urbanization, the balance in spatial distribution of spatial linkages, state policies, and public services will contribute to a balance in spatial distribution of economic activities, which in turn will contribute to a greater degree of polycentricity. We demonstrate the conceptual framework to our case, but it can be tested for applicability to other regions in China and elsewhere in the world. 
The Current Research
A large literature has emerged to investigate polycentricity in China using different indicators and different analytical methods [13, 32] . Various factors have been considered to explain the formation and changes of polycentricity and the distribution of activities and people. Further, several empirical studies have been carried out to measure polycentricity in the YRDUA. However, most of the existing research focuses on intercity [46] or intracity scale, restricted to a few large cities, such as Shanghai [7] and Hangzhou [53] . Research at intraregional scale (or polycentric mega-city region) is largely limited to gauging functional polycentricity from a knowledge collaboration perspective [54, 55] . A small body of literature evaluates spatial polycentricity [55] [56] [57] . Even the little existing literature uses only a single indicator: for example, GDP [29] , land use [14] , or transport/traffic [58, 59] . There is a lack of systematic understanding on the changing spatial configurations of the region from a pluralistic perspective. Whatever the caveats in our understanding of polycentricity in the YRDUA, our knowledge on the mechanisms of change so far is even scantier. Further, it is important to understand the achievement and failure of the polycentric development in the YRDUA as the region has evolved from a focus on equal distribution of spatial growth and population to more regional diversity and competitiveness. We hope that this research will fill this gap by investigating the spatiotemporal aspects of polycentricity in the YRDUA and the driving forces for the observed patterns using multiple indicators and dimensions.
Data and Methods

Data Collection
We gathered data on GDP, urban-rural income, number of physicians and students with higher education, scientific research and development investment from the China City Statistical Yearbook (CCSY) , statistical communique on national economic and social development (1991, 2001, 2006, 2011, and 2015) , and provincial statistical yearbooks. The population data was obtained from Census (1990, 2000, and 2010 ) and statistical yearbooks. The spatial accessibility data (mileages and commuting time) was calculated based on route between cities (by using http://map.baidu.com/ and https://kyfw.12306.cn/). Policies and documents on market, finance, technology, land, and other fields were obtained from official websites of respective city and county governments (see Table 2 ).
A number of suburban counties in the YRDUA were merged between 2000 and 2005. To ensure the comparability of spatial data in different years, the urban administrative system was adjusted to the county, prefectural, and provincial administrative boundaries in 2010. As the inclusion of migrants in any analysis pertaining to regional development in China is crucial [60] , the de facto population was considered to describe the actual population distribution.
Based on the data from the 'Regional Planning of YRDUA', this paper covers 1 core city, 5 regional central cities, and 10 regional common cities at prefectural level, and 36 county-level cities stretching across Shanghai, the southern and central parts of Jiangsu province, and the northern part of Zhejiang province, as shown in Table 1 . Table 1 . Cities in the Yangtze River Delta Urban Agglomeration (YRDUA).
City Province
Regional core city Shanghai NA
Regional central cities
Nanjing, Wuxi, Suzhou Southern Jiangsu (Sunan)
Hangzhou, Ningbo Northern Zhejiang (Zhebei) 
Regional common cities
Methodologies
Based on the collected data, we built a spatial database on the socioeconomic development in the YRDUA (Figure 2 ). We employed three techniques to improve our understanding on the polycentricity in the rapidly urbanizing mega-region: First, we measured the polycentricity in terms of population and economy using the degree of concentration or dispersion. We list and map the total population and GDP by city in 2000 and 2013. The population and GDP shares, and their changes from 2000 to 2013, were used as the proxies of the evolving trends of polycentric patterns in population distribution and economic development. We analyzed the extent of polycentricity in social welfare through the urban and rural residents' income in 2000 and 2013, and their growth rate during 2000 to 2013. The Gini coefficient was used to measure the social welfare indicator. With regard to the analysis of the drivers behind polycentricity in the YRDUA, we focused on the impacts of spatial linkages, public services, and state policies. First, we considered transportation accessibility and network, especially access to Shanghai from other cities by highway and high-speed railway (HSR), as the proxies of spatial linkages in the YRDUA. With the help of travel data extracted from the websites of China Railway and Baidu maps, the spatial connection between Shanghai and other cities can be well detected. Second, we investigated the distribution of number of doctors, undergraduates, key state laboratories, and R&D expenditure to measure the quality of public services by city. These data were extracted from various yearbooks mentioned above and counted by city types (in both region and administrative level terms) to detect the heterogeneity of public services. We applied the OLS model to demystify the correlation between different public service levels and population agglomeration. Third, we reviewed different national state policy documents and the benefited cities in the YRDUA to examine the level of decentralization ( Table 2) .
For the analysis of the drivers, we mainly used the quantitative correlation and the qualitative methods (i.e., policy analysis); GIS-based approaches are employed to visually interpret polycentricity in the YRDUA. 
Spatiotemporal Patterns of Polycentricity in the YRDUA
To gauge the level of polycentricity in the YRDUA, we analyzed the changes in GDP, resident population, and urban/rural income patterns.
At an overall level, the GDP of the YRDUA increased rapidly from billion RMB 16, 202 in 2000 to 97, 759 in 2013 (Table 3 ). For the same period, the YRDUA's contribution to China's GDP increased from 16.3% to 17.2%, facilitating its emergence as a nationally prominent mega-city region. Economically, the gap between the cities in the YRDUA is gradually narrowing. The Gini coefficient measured with GDP is observed to be slightly expanding before 2005, but thereafter, it fell to as low as 0.393 in 2014.
In line with the results of regional level GDP changes, the cities at sub-regional level had shown increased percentages of proportion of GDP, except for Shanghai. The proportion of Shanghai's GDP fell by 6.4%, from 28.2% in 2000 to 21.8% in 2013. This is unexpected given Shanghai's dominating position in the region. At the same time, the proportion of regional central cities moved up by 2.6%, while the proportion of the GDP of other common and county-level cities increased by 1% and 2%, respectively. We also observed that the contribution of the five regional central cities to the total percentage of YRD's GDP was two times more than that of the other 10 common cities in both 2000 and 2013. A significant rise in county-level cities' share of GDP from 2000 to 2013 shows that smaller cities are pursuing economic development and improving their position in urban networks. In addition, the decline of growth in the core and central cities and increase in county-level cities indicate a shift of urban growth and the dispersion of activities to smaller cities. This finding supports studies that emphasize positive relationship between polycentricity and economic performance [15, 61] . In terms of spatial patterns, the economy measured by GDP was still highly concentrated in the 'Z' shaped areas along the Shanghai-Nanjing, Shanghai-Hangzhou, and Hangzhou-Ningbo Lines (Figure 3) .
The economic development and rapid urbanization has been attracting labor from all over the country to the cities in the YRDUA. Between 1990 and 2014, the permanent population of the YRDUA region increased by~41.2%, from~77.52 million to 110.00 million. Spanning an area of 354,000 square kilometers, the region comprises just 3.7% of China's territory, but one-sixth of China's population. This reflects that YRDUA is increasingly becoming a center for what may be the largest spatial concentration of population in China. The degree of population concentration within the region also enhanced significantly; the Gini coefficient measured with permanent population rose from 0.268 to 0.332, indicating that the population growth was mainly concentrated in certain cities.
In terms of changes in proportion of permanent population, the results indicate that between 2000 and 2013, the proportion of permanent population in the core city (Shanghai) increased by 2.8%, from 18.6% in 2000 to 21.4% 2013, while that of central cities moved up by 2.3%. A striking point revealed in the analysis was the decreased levels of proportion of population in regional common and county-level cities. To be precise, the results show that cities surrounding the core city and the central cities had the largest population share, forming a monocentric spatial structure.
The results of spatial patterns provide roughly the same picture of GDP. As seen from the change in the proportion of permanent population in 2000 and 2013, the population in the YRDUA was concentrated along Shanghai-Suzhou and Hangzhou-Suzhou-Ningbo lines.
As for urban-rural income patterns, while the urban residents' disposable income and rural per capita net income in the YRDUA considerably grew at an overall level, the income gap among the cities within the region was steadily expanding ( Table 4 ). The Gini coefficient measured with urban residents' disposable income and rural per capita net income present a trend of rise on the whole, except for a slight fall in 2010. As seen from the urban-rural residents' income distribution, the urban residents' disposable income and rural residents' net income of the regional core city (Shanghai) and five regional central cities were commonly higher than those of other types of cities. At the same time, the gap between the urban residents' disposable income of regional central cities and that of other cities was narrowing; the growth rate of Shanghai and five central cities was lower than the median of the growth rate of all other cities. As for the index of rural residents' net income, the growth rate in all cities, other than Shanghai, was higher than the median, indicating that the gap of rural per capita net income between the six large cities and other cities is expanding further. In terms of the urban residents' income spatial distribution, a noticeable spatial concentration patterns along Hangzhou-Shaoxing-Ningbo and Wuxi-Suzhou lines, surrounding Shanghai and central cities developed (Figure 3 ). Interestingly, in terms of change in urban income growth, we can see that a pattern along Lishui-Gaochun-Jurong-Danyang lines emerged. In fact, some of the other common and county-level cities, such as Taizhou, Yangzhou, and Nantong witnessed urban income growth higher than that of Nanjing, and even Shanghai.
The rural-income patterns are very similar to urban income. In both the study periods, the rural income is concentrated along Jiaxing-Hangzhou-Shaoxing-Ningbo and Suzhou-Wuxi. In 2013, the concentration shifted Zhenjiang-Changzhou in Southern Jiangsu with Nanjing as the core.
The results show that polycentric urban development in the megacity region of YRDUA is uneven. The YRDUA mega-city region policy has only achieved the economic goals and failed to accomplish the objectives of social equity and rational urban growth. The region is experiencing the simultaneous presence of polycentricity and monocentricity; fundamentally, a new dynamic spatial form and arrangement of PMR [3] . Let us now take a closer look at the driving forces behind this spatial structure.
Discussion
A large literature has attempted to explain the polycentricity in megacity regions of China in the context of urbanization, marketization, and decentralization [11, 53] . Although, we did not attempt to develop 'a theory of PMR', we try to explain the observed patterns through a conceptual framework on triple transitions in China (i.e., marketization, urbanization and decentralization) [62] .
Marketization
The relevance of marketization and changes in political economy to polycentricity in China has been emphasized by several studies. A number of scholars argue that rapid expansion of transport networks facilitates relocation of economic activities to the new areas and small cities and dispersion of economy, making room for polycentric development [3, 7] .
An exploratory analysis suggests that the polycentricity in the YRDUA can be attributed to comprehensive spatial linkages within the region. The integrated road and local transport network within the region (Table 5 ) has reduced transportation costs and provided a choice of options for market. As a result, manufacturing industries have moved from land and labor expensive core and central cities to peripheral common cities (e.g., Wuxi, Suzhou, Changzhou, etc.), and even county-level cities contributed to higher growth of GDP in smaller and lagging cities. Meanwhile, the development of SEZs and industrial districts in smaller cities has further reduced economic gap among the cities in the YRDUA. Overall, decentralization by the death of physical distance and favorable economic development policies have facilitated the industrial attractiveness of smaller cities, and supported the development of a "new network of economically networked" mega-city region [63] . 
Urbanization
Urbanization also help to explain patterns of polycentricity. A large body of literature concludes that urbanization process in China represents the dual process of spatial expansion and social differentiation [52] . In this vein, scholars argue that polycentric regions have fewer social services than monocentric areas [6, 22] . The uneven distribution of high-quality public services creates, maintain or intensify spatial disparities [5] . This is also consistent with the findings of our research.
A high correlation between different public service levels and population agglomeration show that large cities have more high-quality public services and cities with better public services naturally attract population (Figures 4 and 5 ). This finding can be supported by the distribution of public services in the region (Figure 6 ).
In terms of education, Shanghai gathered 45.5% of universities, 22.7% high schools, 28.6% higher vocational schools, 23.7% full-time teachers, and 19.2% student enrolment in colleges and universities in the YRDUA. Combining Shanghai, Nanjing and Hangzhou together, the proportions will increase to 86.4%, 45.5%, 64.3%, 67.4%, and 61.2% respectively. Moreover, the number of students' enrolment in colleges and universities for every 10,000 persons in core and central cities exceeds the total of those in other level cities.
In terms of medical service, Shanghai gathered 24.4% grade-three class-A hospitals and 19.6% doctors, and coupled with Nanjing and Hangzhou, the two proportions will shoot up to 55.6% and 39.0%, respectively.
In terms of scientific, technological, and cultural services, Shanghai gathered 53.0% of national key laboratories and 29.0% of R&D expenditure, and combined with Nanjing and Hangzhou, the shares will go up to 95.2% and 47.1%, respectively. Further, the collection of books in public libraries for every hundred persons in Shanghai is up to 504 volumes, around twice that in Nanjing and Hangzhou together,~5 times that in common cities, and up to~10 times that in county-level cities. Moreover, the difference in spatial distribution of public services and the associated high-quality jobs (e.g., teachers, doctors, and researchers) greatly affected the spatial patterns of income growth in the YRDUA (Figure 6 ). Though manufacturing development facilitated the growth in jobs in smaller cities, it did not bring the required population due to lower level of public services. The spatial disparities in public services have significantly contributed to the spatial mismatch of population and income in the YRDUA.
Decentralization
Political factors have long been affecting urban development in China [7, 29] . To seize both foreign and domestic investment and market opportunities, cities in the YRDUA are undergoing a major reformative planning process. A number of new preferential policies and pilot reforms are being developed to promote industrialization, foreign investment, and trade in lagging cities, and hence facilitate polycentricity. However, in practice, most of the new economic development policies and reforms implemented after the global financial crisis in 2008 and the 'The Eighteenth National Congress of the Communist Party of China' concentrated in core and central cities. For example, Shanghai, Nanjing, Suzhou, and Hangzhou enjoy preferential policies in e-commerce, financial cooperation, and scientific and technological innovation. On the other hand, urban development policies that encourage pilot projects in smart cities, national-level new districts, and low-carbon cities benefit smaller cities. The large city focus policies that tend to favor enterprises, large socioeconomic development projects and investments in urban infrastructure and public services failed to disperse population and social welfare.
Ideally, a PMR contributes to the flow of goods, people and services without any barriers, promotes the overall regional economic development, and tends to bridge regional differentials at some point of time. It is in accordance with the regional economic relations, factor flow, social development needs, and economic integration. The results of our research reveal that although the improvement in spatial linkages and early economic development policies have been contributing to a greater degree of polycentricity, the spatial hierarchy, and more power in the hands of the Chinese state are barriers for the social cohesion and free flow of public capital and people between different cities in the YRDUA, and as shown in the paper, have influenced the allocation of public services and excessive concentration of people and income in core and central cities. This suggests that more often than not, the central government's focus has been on strengthening Shanghai and regional central cities, which in turn suggests the lack of political commitment in practice. For example, the 'one nuclear five circles four belt' policy aims to accelerate Shanghai's core competitiveness and overall service capabilities, to promote the functional strength of Shanghai's neighboring cities, such as Suzhou and Wuxi, and to foster spatial development along Shanghai, Nanjing, Hangzhou, and Ningbo development zones. And of course, this focus on spatial hierarchy-based development falters the polycentric mega-city region project.
Conclusions
Urban spatial structure and the distribution of activities and physical elements of urban areas has received immense interest from regional planners, urban geographers and economists around the world, particularly from Europe and China, who believe that it effects urban growth, spatial development, economic performance and social well-being of cities and their inhabitants [2, 8] . The city is now becoming a regional phenomenon and calls have been made to study urban spatial structure from a wider, polycentric mega-city region (PMR) form of development [29, 33] .
PMRs are seen as more flexible, innovative and resource-efficient than more monocentric city forms [4] . In the recent years, the governments in China have been encouraging polycentric urban development through implementation of revised master plans, annexing nearby districts and establishing development zones. This is compelling as polycentricity is argued to be a key element in enhancing globally and regionally competitive urbanization [5] .
In this research, we have endeavored to examine the degree of polycentricity in the Yangtze River Delta Urban Agglomeration (YRDUA) and the underlying driving forces. This study builds upon the recent interest in spatial polycentricity [21, 22] , which highlights a balanced distribution of population and activity between cities within a region. The use of spatial polycentricity is useful to analyze the case of YRDUA as mega-city regional plans proliferate to achieve balanced spatial development. We use city-level dataset of GDP share, population share, and urban income growth for the period 2000-2013.
Our case study provides an intriguing perspective from a globalizing city region in a transitional economic period.
Success or failure of a polycentric arrangement should be evaluated in the context of the objectives it sets to achieve and the political, economic and institutional context under which it operates. In the case of polycentricity in the YRDUA, the objective is to eventually form an economically and socially coordinated megacity region. Judged against this objective, the region hasn't, to date, successfully fulfilled all the requirements of a functional polycentric region.
The results of our research show that the spatial structure of the YRDUA cannot be considered very monocentric or very polycentric, but somewhere in between the ends of the scale. The region is experiencing simultaneous presence of polycentricity and monocentricity consisting of multiple cities with their own characteristics, profiles and strategic roles to play [3] . Economically, the region is witnessing greater polycentricity, but in terms of social equity, the region manifests growing monocentricity. This is substantiated by the empirical findings-despite of the greater transfer of GDP to the lower-level cities, population, and income are still concentrated in Shanghai and provincial capitals. Our findings support numerous studies, which have concluded that it is difficult to achieve complete positive effects of polycentricity [33, 38] .
Our research further show that a combination of interconnected driving forces shaped the emerging spatial structure in the YRDUA. The "death of distance" by advances in transportation and a variety of economic development initiatives in the lower-level cities increased the flow of capital to smalland medium-sized cities and supported greater polycentricity in economic development. Though economic dispersion brought more jobs in lower-level cities, the lack of high-quality public services (e.g., educational centers, healthcare, and social, technological, and cultural services) greatly affected the flow of population and income between cities.
The social differentiation in and between cities has become an epitome of regional inequality in the YRDUA. The uneven distribution in public services can be partially explained by the state funding allocation and preferential policies. Large cities tend to receive considerably large government funds and special urban development policies [11] . More often, the central government focuses on strengthening Shanghai and regional central cities. For example, the 'one nuclear five circles four belt' policy aims to accelerate Shanghai's core competitiveness and overall service capabilities, to promote the functional strength of Shanghai's neighboring cities (e.g., Suzhou and Wuxi), and to foster spatial development along Shanghai, Nanjing, Hangzhou, and Ningbo development zones. On the other hand, smaller cities suffer the problems of policy depressions and administrative fragmentation.
Ideally, a polycentric spatial structure is expected to blur the gaps between cities and suburbs and support the socioeconomic development of existing and new small cities. However, the results of our research conclude that although the content and forms of polycentricity in the YRDUA is changing with improvement in spatial linkages and early economic development policies, spatial hierarchies, power structures and the continuing legacy of central government interventions in major economic and social activities falters the PMR project.
If a PMR is to be successful in practical terms, the set of issues highlighted above, which have hindered the progress so far, should be resolved. The experience of the former socialist countries of central Europe show that though socialist urbanization policies aimed to achieve balanced spatial development through spatially even distribution of jobs and services, the strict top-down approach, limited choice at the bottom and among individuals and households resulted in a spatial structure characterized by centralization and monocentric regions [5] . To avoid the repetition of such negative experience in China's mega-city regions, it is imperative to enhance the plurality of choices for populations in terms of jobs and public services through redistributive policies and reforms.
Local governments' consensus and cooperative actions are imperative to bring consistency in the allocation of central government's policy and capital resources, to optimize the spatial configuration and to improve the overall regional advantages. A dialogue and continuous interactive engagement between different tiers of governments, and constant involvement of citizens, local business enterprises and other stakeholders are required to address the structural fragmentation and managerial challenges involved in achieving a polycentric YRDUA [4, 7] .
There are several policy and theoretical implications that follow from our analysis: (i) the results offer meaningful insights on the impact of polycentric policies in the YRDUA and support policymakers in the implementation of appropriate urban spatial structure policies; (ii) this work takes forward the polycentricity literature by operationalizing this framework in an important new arena that of city scale in a rapidly developing economic region in China; and (iii) the triple transition conceptual framework emphasizes that any change in urban spatial structure in Chinese megacity regions is shaped by a multitude of factors within the context of marketization, urbanization, and decentralization.
We acknowledge two potential limitations of this study: First, county-level administrative boundaries are frequently adjusted in China because of various political and/or economic issues. Analysis based on different administrative boundaries and borders pose a great challenge to a study on polycentricity. Second, because of population migration, the hukou-registered (Hukou refers to being a de jure citizen of a certain area in China. Many migrants do not own a hukou.) population may not represent the actual income distribution. Yet, we hope that this work will improve our understanding on how the cities in the YRDUA function today and what spatial characteristics might they take in near future.
This research could be improved and extended by considering other indicators of polycentricity, such as growth in construction land, industrial development, ecology, environment, etc. Further, we apply the triple transition framework to understand the urban spatial structure in the YRDUA, but it can be tested for applicability to other regions in China and elsewhere in the world.
